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SYSTEM AND METHOD FOR 
IMPLEMENTING A PROJECT FACILITY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/184,856, ?led Feb. 25, 2000. 

BACKGROUND INFORMATION 

Embedded devices such as automobiles, medical devices, 
and cellular phones have limited resources compared to 
standard “desktop” PC-type computing environments (for 
example, less memory may be used and a limited set of I/O 
devices may be supported). Because an embedded device 
has limited resources, it is easier to perform software devel 
opment on an integrated development environment (“IDE”) 
prior to implementation in the embedded device. 

FIG. 1 shoWs a block diagram illustrating a typical IDE 1, 
such as the TornadoTM development environment from Wind 
River Systems, Inc., used to develop and debug software 
applications. The hardWare used to implement the IDE 1 
includes one or more hosts 10 and one or more targets 20 

(e.g., embedded devices). The IDE 1 alloWs developers to 
organiZe, Write, and compile applications on the host 100 
and then doWnload, run, and debug them on the target 20. 
The host 10 is typically equipped With large amounts of 
RAM and disk space, backup media, printers, and other 
peripherals. In contrast, the target 20 typically has limited 
resources (small amounts of RAM, no disk, no display, etc.), 
and perhaps some small amount of additional resources for 
testing and debugging. A number of alternatives exist for 
connecting the target 20 to the host 10, but usually the 
connection is either an Ethernet or serial link. 

Referring to FIG. 1, the target 20 may include an appli 
cation 137 Which is softWare that performs a particular 
function (for example, providing the functionality required 
for a hand held computing device). The target 20 may also 
include an operating system 140 Which may be used to 
control the allocation and usage of the target’s resources. 
The operating system 140, such as VxWorks® from Wind 
River Systems, Inc., is typically “scalable”, i.e., components 
of the operating system may be included or excluded 
depending on the requirements of the application 137. A 
component is an operating system facility that can be built 
into, or excluded from, a custom version of the operating 
system 140. For example, a netWork TCP/IP stack compo 
nent can be used to connect to a netWork, but this component 
can be safely omitted from the operating system 140 if the 
application does not require netWork functionality. The 
scalable feature of the operating system is especially ben 
e?cial in embedded devices because these devices tend to 
vary Widely, using different processors and other hardWare. 
The operating system 140 can be tailored to satisfy the 
requirements of the particular hardWare and functionality of 
the embedded device. 

The target 20 may also include a target agent 143 Which 
alloWs the target 20 to communicate With the host 10. The 
target agent 143 responds to requests transmitted by the host 
10, for example, by returning results from such requests. 
These requests may include memory transactions, noti?ca 
tion services for breakpoints and other target events, and 
other useful communication and debugging activities. 

The host 10 includes a target server 128 used for com 
municating With the target 20. The target server 128 satis?es 
target requests by breaking each request into the necessary 
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2 
transactions With the target agent 143. The host 10 also 
includes tools 150 for, among other things, creating and 
debugging the application 137 that is doWnloaded to the 
target 20 and for con?guring the operating system 140 With 
particular components. The tools 150 use the target server 
128 to communicate With the target 20. 

As stated earlier, the operating system 140 has numerous 
components that can be tuned, and included or excluded, 
depending on the requirements of the application 137. For 
example, various netWorking and ?le system components 
may be required for one application and not another, and the 
tools 150 provide a means for either including them in, or 
excluding them from the operating system 140. HoWever, 
the tools 150 may be cumbersome in that the application has 
to be examined by a user of the IDE 1 in order to determine 
the components that the application needs, or does not need 
and thereafter, those needed components have to be manu 
ally added and the unneeded components have to be manu 
ally removed from the operating system 140. 
The operating system 140 may implement objects that 

prevent interference by malfunctioning and/or malicious 
tasks (an object that performs an action) While maintaining 
high execution speeds and scalability. An example of such 
an object is a protection domain Which is described in 
greater detail beloW. The tools 150 of the IDE 1 should 
support these objects. 
The tools 150 on the host 10 have the folloWing inad 

equacies: 
(1) the tools 150 require manually ?nding the components 
Which the application 137 needs and then manually add 
ing those components to the operating system 140; 

(2) the tools 150 do not provide information about compo 
nents that are not required and thus can be safely removed 
from the operating system 140; and 

(3) the tools 150 should support neW operating system 
objects. 

SUMMARY 

According to a ?rst exemplary/preferred embodiment of 
the present invention, a method is described Which includes 
the steps of reading an object module and identifying a 
number of imported symbols, identifying a needed compo 
nent based on at least one of the number of imported 
symbols, and identifying the needed component as a 
required component When the needed component is not 
identi?ed as present in a project data structure. Also accord 
ing to the ?rst exemplary/preferred embodiment of the 
present invention, a second method is described that 
includes the steps of reading a project data structure iden 
tifying a number of modules, identifying a number of 
imported symbols used in the number of modules, identi 
fying at least one needed component based on at least one of 
the number of imported symbols, and identifying the at least 
one needed component as a respective at least one required 
component Where the at least one needed component is not 
identi?ed as present in the project data structure. 

Furthermore, according to a ?rst exemplary/preferred 
embodiment of the present invention, a system is described 
Which includes component descriptions of a number of 
operating system components, an object module examina 
tion utility con?gured to receive a number of object modules 
and output symbol names and attributes for a number of 
imported symbols in the number of object modules, and a 
project analysis utility con?gured to receive the symbol 
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names and attributes and output a number of needed com 
ponents based on the symbol names and attributes and the 
component descriptions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a block diagram illustrating an integrated 
development environment. 

FIG. 2 shoWs a block diagram illustrating an integrated 
development environment of a ?rst exemplary embodiment 
according to the present invention. 

FIG. 3 shoWs a block diagram of a project facility of the 
?rst exemplary embodiment according to the present inven 
tion. 

FIG. 4 shoWs a How chart for steps involved in a scale up 
phase of autoscaling in the ?rst exemplary embodiment 
according to the present invention. 

FIG. 5 shoWs a diagram illustrating an example of a 
module cross-reference database. 

FIG. 6 shoWs a diagram illustrating an example of a 
component cross-reference database. 

FIG. 7 shoWs a graphical user interface (“GUI”) alloWing 
a user to add components in a required set in the ?rst 
exemplary embodiment according to the present invention. 

FIG. 8 shoWs a block diagram of a project facility of a 
second exemplary embodiment according to the present 
invention. 

FIG. 9 shoWs a How chart illustrating autoscaling steps 
used in the second exemplary embodiment according to the 
present invention. 

FIG. 10 shoWs an exemplary system project ofthe second 
exemplary embodiment according to the present invention. 

FIG. 11 is an example of the application of the second 
exemplary embodiment to ?nd a set of present components 
for domains in the system project, according to the present 
invention. 

FIG. 12 is an example of the application of the second 
exemplary embodiment to ?nd a set of needed components 
for domains in the system project, according to the present 
invention. 

FIG. 13 shoWs a GUI that alloWs the user to de-select 
components from the needed set for each of the domains in 
a particular system project, according to the present inven 
tion. 

FIG. 14 is an example of the application of the second 
exemplary embodiment to ?nd duplicate components resid 
ing in the domains of the system project, according to the 
present invention. 

FIG. 15 shoWs a GUI that alloWs the user to remove 

duplicate components from a particular system project, 
according to the present invention. 

FIG. 16 is an example of the application of the second 
exemplary embodiment to remove duplicate components 
residing in the domains of the system project 349. 

DETAILED DESCRIPTION 

A ?rst exemplary embodiment of an IDE according to the 
present invention includes a project facility (a tool residing 
on the host) that automatically determines if the application 
requires any components that are not included in the oper 
ating system 140 and alloWs a user of the project facility to 
add the required components to the operating system 140. 

FIG. 2 shoWs a block diagram illustrating the ?rst exem 
plary IDE 2. In FIG. 2, the host 10 may include a number of 
tools such as an editor 110 used to edit the source-code in 
Which the application 137 is Written. The host 10 may also 
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4 
include a project facility 113 that provides graphical and 
automated mechanisms for, among other things, creating 
applications that can be doWnloaded to the target 20, and for 
con?guring the operating system 140 With selected compo 
nents. For example, various networking and ?le system 
components may be required for one application and not 
another, and the project facility 113 provides a simple means 
for either including them, or excluding them from the 
operating system 140. 
The host 10 may also include a shell 116 that acts as a 

command interpreter that provides access to operating sys 
tem routines and dispatches requests to the target server 128 
for any action involving target-resident programs or data. 
The host 10 may also include a debugger 119 Which is used 
to debug an application program by, for example, setting 
breakpoints in the application 137 or controlling its execu 
tion. The host 10 may also include a broWser 122 Which is 
used to monitor the state of the target 20. The broWser 122 
provides detailed information about objects (e.g., tasks, 
semaphores, message queues, etc.) running on the target 20. 
The exemplary project facility 113 according to the 

present invention provides mechanisms for: 
Organizing the ?les that make up a project. 
Grouping related projects into a Workspace. 
Customizing and scaling the operating system 140. 
Adding application initialization routines to the operating 

system 140. 
De?ning varied sets of build options. 
DoWnloading application objects to the target. 
The project consists of source code ?les, build settings, 

and binaries that are used to create a doWnloadable appli 
cation, or a custom version of the operating system 140 
(called a bootable application). The doWnloadable applica 
tion consists of one or more relocateable object modules, 
Which can be doWnloaded and dynamically linked to the 
operating system 140, and then started from the shell 116 or 
the debugger 119. Dynamically linked means that object 
modules can be loaded onto a running system. The object 
module (“module”) is source code Which has been compiled 
using a compiler. The module is an intermediate form in the 
process of compiling application code from higher level 
language into machine executable code. The bootable appli 
cation consists of an application linked to a custom version 
of the operating system 140. A project may be either a 
bootable project or a doWnloadable project. 
A “scalable” operating system is statically partitioned into 

units of functionality that (1) expose interface(s) to the 
underlying hardWare and (2) expose interfaces to units of 
softWare that extend the operating system. These units of 
extensibility are called project facility softWare components 
(“components”). Components are operating system facilities 
that can be built into, or excluded from, a custom version of 
the operating system 140. A component may include, among 
others, the folloWing items: modules; a list of symbols 
causing the modules to be linked into the project; a descrip 
tion of constraints; parameters; and parameter values. 

For a component to run properly, that particular compo 
nent may have initialization code that needs to be executed. 
If a component does require that initialization code be 
executed, then that code must be executed in a certain order. 
For example, to access a netWork, an FTP server component 
should be started only after a netWork stack component is 
started. 

FIG. 3 shoWs a block diagram of the exemplary project 
facility 113 according to the present invention. The project 
facility 113 includes a compiler 250 Which compiles the 
application source code into modules (the module is de?ned 
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earlier in the application). The output from the compiler 250 
is sent to an object module examination utility 253 Which 
reads the modules and identi?es all symbols either exported 
or imported by the modules. The outputs of the object 
module examination utility 253 are symbol names and 
attributes (such as Whether a particular symbol is imported 
or exported). These outputs are sent to an mxrDoc parser 256 
Which, using the outputs, populates a module cross-refer 
ence (“mxrDoc”) database 259. The mxrDoc database 259 is 
a database containing one or more symbols and modules. 
The mxrDoc database 259 alloWs for determining Whether a 
speci?c module exports or imports a speci?c symbol. 

Referring to FIG. 3, a cxrDoc parser 262 is also included 
in exemplary project facility 113, and takes as an input a 
component description ?le (“CDF”). CDFs are data ?les that 
describes for a given computing environment all the com 
ponents that could be in the bootable project. The output of 
the cxrDoc parser 262 is used to populate a component 
cross-reference (“cxrDoc”) database 265. The cxrDoc data 
base 265 is a gallery of components and modules that can 
possibly be used in a bootable project. The cxrDoc database 
265 maps modules to components and also indicates the 
components required by other components. 

In addition to modules and components, the cxrDoc 
database 265 may also include the folloWing objects: (1) 
parameters (initial values), (2) InitGroup (determines rela 
tive order of When components get initialized); (3) folder 
(groups components for display purposes; also alloWs user 
to add multiple components simultaneously); (4) selection 
(ensures that a particular interface is satis?ed, e.g., only one 
network driver is selected for the TCP/IP stack); and (5) 
symbols. 
A project analysis utility 268 may be coupled to the 

mxrDoc database 259 and the cxrDoc database 265 and is 
used to analyZe the information in the mxrDoc database 259 
and the cxrDoc database 265 in order to, for example, 
determine the set of operating system components Which are 
needed by a particular application. The project analysis 
utility 268 includes the autoscale function. The project 
analysis utility 268 outputs component information, such as 
the components Which are needed by a particular applica 
tion. A con?guration tool 267 is coupled to the project 
analysis utility 268. The con?guration tool 267 is used to 
build a bootable project. The bootable project includes the 
source code ?les, build settings, and binaries that are used to 
create the doWnloadable application or the bootable appli 
cation. A GUI 271 is coupled to the project analysis utility 
268 and may alloW a user of the project facility to, for 
example, add a set of needed components to the operating 
system 140. 
A dependency management tool 274, using the mxrDoc 

database 259 and the cxrDoc database 265, determines 
component dependencies each time a component is included 
or excluded. That is, it determines if a component Which is 
to be included is dependent upon other components that 
have not been included in the bootable project, or if a 
component that is to be deleted is required by other com 
ponents. When a component is included, any dependent 
components are automatically included. When a component 
is excluded, any dependent components are also excluded. 

In this ?rst exemplary embodiment, an autoscale feature 
of the project facility 113 determines if the application 
source code requires any components that are not included 
in the bootable project, and adds them as instructed by the 
user of the project facility. It also provides information about 
components that are not required by the application and thus 
can be removed. 
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6 
In the ?rst exemplary embodiment, the autoscale feature 

has tWo phases: (1) the “scale up” phase Which entails 
enumeration and inclusion of the components needed by the 
application; and (2) the “deadWood removal” phase Which 
indicates the components that may not be needed by the 
application. 

FIG. 4 shoWs a How chart for an exemplary set of steps 
involved in the scale up phase of autoscaling according to 
the ?rst exemplary IDE embodiment. In step 203, the 
application source code, Which may be Written in a pro 
gramming language such as “C”, is compiled. As stated 
earlier, the compiled source code may be referred to as one 
or more “modules”. In step 206, the modules are fed to an 
object module examination utility 253 Which reads each 
module and identi?es any symbols in the module as either 
exported or imported by the module. 

In step 209, the mxrDoc database 259 is populated by 
streaming the output of the object module examination 
utility 253 to the mxrDoc parser 256 Which uses the output 
to populate the mxrDoc database 259. The output streamed 
from the object module examination utility 253 is, for 
example, symbol names and attributes (such as Whether a 
particular symbol is imported or exported). 

FIG. 5 shoWs a diagram illustrating an example of the 
mxrDoc database 259. The mxrDoc database 259 is a 
database containing one or more symbols and modules. A 
symbol is a name that represents a memory location of a 
code or data structure. The symbol may be: (1) produced 
(exported) and thus made available to others; (2) private 
(unavailable to other modules); or (3) unresolved and thus 
must come from elseWhere (imported). 

The symbol may have a name such as “varil”, Which 
may be associated With a value representing a memory 
location. Modules may also be named. For example, a 
particular module may have the name “foo” and thus can be 
referenced by, for example, other modules by using the name 
“foo”. 

Referring to FIG. 5, in the exemplary mxrDoc database 
259, a symbol “var_one” is imported (i.e., used) by a module 
foo; the symbol var_one is also imported by a module “goo”; 
and the symbol “var_one” is exported (i.e., produced) by a 
module “hoo”. In addition, a symbol “var_tWo” is exported 
by a module “moo”, and imported by a module “noo”. 
The mxrDoc database 259 maps symbols to modules. The 

mxrDoc database 259 alloWs for determining Whether a 
speci?c module exports or imports a speci?c symbol. For 
example, in FIG. 5, to ?nd all modules that import the 
symbol var_one, the edges of a graph in the mxrDoc 
database 259 are traversed to ?nd that the module “foo” and 
the module “goo” import the symbol “var_one”. 

Referring to FIG. 4, in step 212, the cxrDoc database 265 
is populated by streaming the CDF to the cxrDoc parser 262, 
Which processes the CDF and populates the cxrDoc database 
265. The mxrDoc database 259 and the cxrDoc database 265 
are populated independently of each other. 

FIG. 6 shoWs a diagram illustrating an example of the 
cxrDoc database 265. As mentioned earlier, the cxrDoc 
database 265 is a gallery of possible components and 
modules that may be present in a project. The cxrDoc 
database 265 maps, for example, modules to components. In 
FIG. 6, module foo and module noo are mapped to a 
component “comp_one”. The cxrDoc database 265 also 
indicates Which components are required by other compo 
nents. In FIG. 6, component comp_one requires a compo 
nent “comp_tWo” and therefore component comp_one is 
dependent on component comp_tWo. 














